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(57) Abstract 

A polypeptide having the enzymatic activity of converting the 4-methylene group of ; a ^ n f^^XZS 
a keto eW aDNA containing the base sequence codinfi for the above polynepade; another DNA which hybndoes 
with^TabSvc DNA and contains the baselequenceOTdSig for the above polypeptide; sail another DNA which has 
b£ iS imc i 5i PHP51 and contate the base sequence coding for the above -lypepudc; a r^bmam 
IrtSSc abovc P DNA(s); a microbe haying the Eta5 
oroducme a ketocarotenoid which comprises culnmng the above microbe m a medium and ^R™*?^; 0 ™5 
GSSnoid from the product of cultuVe. The introduction of the ^J^^^^ EfaStaS S 
as TcoU. followed by expression thereof makes it possible to impart to the microbes the ^^J^^^^£ 
attaurtin, 4-ketozeaxanSiin, canthaxanthin, echinenooe and omer ketocarotenoids. The use of such imcrobes makes 
it possible to mass-produce ketocarotenoids at reduced cost and labor. 
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*r hS3*A&3!^ *tt£3- VtZ DN A*5«tt» hADfy^f K©88ii& 



lc£>gtty h£«A&&* -ttl^a— Kt5DNA> SDN 

•c#att-f vyuy-r K^fiSciS?SJc«t ot^^ns o&6ia#j8D o -rv^ 

P) £*©£&&-?&£ vM^l/TU^eoV >& (DMAPP) LT CIO© 

y^-^trp'jyg? (gpp) &£.i$.zti, mk:ipp?wi&&l-cci5©:7 T *^->^ 

£p'jyK (FPP) *<£jifc $ n * o FPP(i^ PP £ IS & **;:<>:{;:<}: oTC20 
©y^-A^^Uk'p ij >Wt (GGPP) &ICGGPPI§]±;0<*S£LT> dftjn 

/9-#pf-:/|;:£&3*u /3-^P^yJcy hg^7kKS«i**<«A$ 

(Britton, G. , "Biosynthesis of carotenoids". Plant Pigments. London, Aca 
demic Press, 1988, p. 133-182. (Goodwin, T. W. ed.) o 
*iS* mnmmU te^#£##£/i£$fflffierwinia uredovoraOrtPfV K 



WO 96/06172 PCT/JP9S/01640 

T'*3tf7*^ SC. i^oJfiilcL*: (f 7 SIW) (Misawa,N. 

, Nakagawa, M. . Kobayashi, K. , Yamano.S., Izawa.Y. , Nakamura, K. , Harashi 
ma, K. , "Elucidation of the Brwinia uredovora carotenoid biosynthetic pat 
hway by functional analysis of gene products expressed in Escherichia co 
li.". J. Bacterid., 172, p. 6704-6712, 1990. s Misawa.N.. Yamano.S., Ik 
enaga. H. , "Production of 0 -carotene in Zymomonas mobilis and Agrobacter 
ium tumefaciens by introduction of the biosynthesis genes from Brwinia u 
redovora.". Appl. Environ. Microbiol., 57, p. 1847-1849, 1991 
3-58786-«!-&fB#Ra) o 

com, te%f<D Vis fc^OtPSHEKIfc £ft£&Utel&#lrt p 

28, p. 219-227, 1990#M) o 

©fc*1&U MHaeuatococcus©&£ttU RtfW&£j££K<fc *>»&nfcfb&1» 

jo<fcJbftT^£ 0 Ljo^U (SS*^ $^©$®lg£ffl^<5*£> *-©SSW-*>J* 

>©&H£<ffil'£:&* & ft tfj IC £ ;*;/.£ n X r-S-gt - *., H&Haemat 
ococcus©ig«#l©l£^ «*B* |= 7 * * > oTfctt#*#l& L 
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7 * * * ^ > ^ > © © w ie a<s * n t ^ * 0 

tCT% 7X* **>*>©£&/£££ 9 SCI t&T'Ztlti 

ff-l&lzmFAT'kZtnA.btiZo 7X**1f>^y©&&fli©WMK 

#KJ:*K jfefclMB* Brwinia uredovora ^€»KffdtlTl^ 0 Lfr 

©W£«Bra** 6 ftT*T I,* *fc jfeAfftfe/ifcS&KMoTti 
^ttl *©*<««•?**• C©J^E9i LT{i> y hi»AW*©*nf y-f F4 
£j£KW#*-ST*©»*tt«l* w<^HT**J. *ft£©B*#©ffiS!^7£&fiiJ 

fc^OfcUifeiHlnfifeofc. LW<oT, ^B^-e, 7X**iJ- 
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? * - zm&t z c <t t> a w i -r s • 

S/cSUK.' m^OT hS*ASI&£3- K-TSitfe^flltALfc* 

*&W£3IJix ±EHb^Hft*^<lft*1*tf LfclS** ^gKHaematococcus 
pluvialis ©cDNAri>t>* hg$A8&£3- K"f Sitfe?* ? o-- >^ U 
it£?£*&*i&/0fc*'^*--DNA£tt8i!U tt^^-DNAfc^MKU* 



*c£k*6?&u *^^^$-a-siwMo/:o -r^t>^x *iewtt. 

y >&% : &i-Z>it&til<D0-'(* J >&<D4tiL<D* hSJCtEfc-*-* 

W^-S-fb^o/S-^^y >«©4(4©^^u>S«-y h£<c1E&-*-Slt&j£tt 

tt. ffl«B©DNA**ALfc«^1il*>««f *fc»JKs fflEOD 



1. ^rhg*A#£ 
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, PCT/JP95/01640 
WO 96/06172 

* 

2HOB^DtT©7; ;»E?iJ) . 2 All*. E?"J#^ 3 K*£n*7 $ y& 

T% rgHttKEMSOEWMK E?>J#^2> EMM 3 3*1 

*7;y&E?ijj ttt. EwaoEWM- i > EJWf2* tfz\t> EMM 3 

©EWMK EMM 2. tfctt, E*JM3lc*3n*7S y»E*J©^< 

fctitf. E*J*0E*IMK EHIM2, *fcttEM«3l;:*3ttS7S 
y KEM©* 1 #g©7 i >K (Met) *<*fcLT^£ *>©*££* t>S#$*lSo 



o^.^-^-^^-y >$©4&©y ^L/>S*y H6JC<i*t* * £ £ *° 

2. * hS^ABI&iifc? (bkt) 
*»9i©4- h**A»**3- K-rSiie^ (BIT. rbkt J i^ 5 " > {i 

vsi*mirztoeim<oe-4*J >j»©4&©y hsic 

<E*-r ***Stt*W-r -5 # 'J *7f- K* 3 - Ft" S«SE7>J*£frD N ATP* 
-So C©JMBtottWi* *i&Haematococcus pluvial is (NIES-I44)«fc 9 9 

>^T?**bktitfi ; fT*f). :niiflB«i:» I H©Afr£D*T*©7 $ yg& 

Eft (Efl£©Efl«l lw**n*7Sy«E*j) . *2EI©B**S>D*-e© 
7iy&E?'J (EW*©E5iJM2iC*$n*7 5 yttEM) . £ t* SB 3 El © 
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*t-£gB2?iJ©±SitK#3- Kfi#££fr !>©-<?* So *^Obktitfe 

^tix EyiJ£©E?lJ#^ 4 , 5 N 6, *>ctCf 7 ICjjx-$tt£&gE?iJ££fc*>©© 

# £ £ t» *> © S£ ? 5 C £ (i ^ 9 * T* *> V > o 
bktitfc?g#j (BIT, TBKTj i^-TSo ) . ttet>*>, *l6H«©^hSa|A 

i*<T§-5 o BKTtts 3 - h Ku*-/- *y >8© 

(£8B#IH) 0 ttfc, d©«k9^»*Stt^W^S^';^-7'^ KRtfCftfca 
-KtSDNAIi, (**&bftT^tt!&^fcfc©T&'K £©* U ^7f- Kfccfc 

3 - t Kn*->- j8-*;J-y 1 o©#$aV f- 1/ tt 0 

iC6Tx ##£fifc*Bffi Brwinia©# Dfy 'f K£jfca€S*»* crtB x crtB, 
crtl a^crtY^ffl^SdtlcJitJs *lig^©&£^K0-rt af->££fife£ 
i*<-c?§. M(C±fg© 4 oCiliK^lCjta^crtZalin^fcffll^ C itc«t 

tf8&E©W091/13078*&W&*#Ill) o 

© crt«e^8lcJ:»3*|&$n«OTs Erwinia©crt Afi^Steftft* «*H 

6 



WO 96/06172 PCT/JWS/01640 

z> ($&8EI#jrd o fc*?u •bfr+^^f^^is^r'tix *7#-^>f->© 

3. DNA©&J# 

*»«©* bg#AS*£BKT©7 S yKfie^iJ^a- K"f ££gB5?"J££ti D N 

%*.tttfx C©ifc^£jifca«fc 9 *>*ii& Haematococcus (ft^tttt fe©KHaematoc 
occus pluvial is -fHaematococcus lacustrisl?!& < £5) jJr^mRNA&SXIf L% •€: 

Prtttfjicfi. Haematococcus pluvialis ©±RN A£#fitL> * 'J :*f- ? * X 
-dT3 0X-/<- Oft) ) £ffl^t#UA + RNA^fflfil-TSo C© 

#'JA + RNA^HSIlcLT. i£|£:¥&&SUPERSCRIPT RT (GIBCO BRL)74BMItt 
DNA^^fiKL, ttltTB. coli DNA E. coli DNA #'J^5-^ B. 

coli DNA RNase H (£TGIBCO BRL)£ffll*T 2 c DN A££j£f £«, 
Lfcc DNA£*8§@ffl$£31 / <**-pSP0RTl(GIBCO BRDIC c DN A 
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fk?Z*mm (±I2Lrt:Brwinia ©crt S;*:8§®) 

OO iot* Z -h y 9 >f- ttS i^BSeofeP3*< £ - ii a * y 

A:*feO^Ke«I^Jie^^iW©cDNA*i#o7'5X $ K*iW*U cDN 
A£*IJS8^?*-pBluescript II SK+fc<t C/pBluescript II KSKSTRATAGBNB) 

^&£Tic&iS8©*|*j£Haematococcus ;6<#ltlL H&SftTJStK Chblii 

&MT'te&Zt)<mCM&&.V)<D?ha.ftii rhodozyma i>7 X h 
iivf-Jj K££jjfcf 5 C <£ 30<$R£3ftT^.5 (Johnson, B.A. and An, G. -H»an, 
"Astaxanthin from microbial sources", Critical Reviews in Biotechnology, 
11. 297-326, 1991) 0 LfcHaematococcus pluvial is NIES-144©bktitfe 

Haematococcus (Dtpfr&s Haematococcus pluvial is NIES-144<h (D&it&'P 
jfc£ftf'0"&&%&UDf(tt& 2U> tKt>*>. Haematococcus lacustris UTEX 294 
(The Culture Collection of Algae at the University of Texas at Austin^ 
, Haematococcus lacustris C-392 (&£;*;3 i Jfcffll&&$j0r£)?r (^ 

Ctt£©5kfe#DNA£P9fi!!L> Haematococcus pluvial is NIBS-144©bktit£ 

bktOT p n-y(i2aS©^^Haematococcus ®^-f*l©?fefe 

BJ(i> CO<k9^fi>II5DNA (E?iJ#^4, 5, 6Rtf7) £»<C?Vjr<(Xt 
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^fgHflCDDNASrttfciifc? t IXM^Umm mz-\f. *Mm. Zymomonas 
mobilis. Agrobacterium tumefaciens) ■^l&S (Saccharomyces cerevisiae) ^ 

tlTt^5fc©x 0¥x.l£^ "Vectors for cloning genes". Methods in Enzymology, 
216, p. 469-631, 1992, Academic Press^ "Other bacterial systems". 

Methods in Enzymology, 204, p. 305-636, 1991, Academic Press #R3) 
C tztt I* L £ ffl l> -5 C t *< T' § S o 

Sambrook, J., Fritsch. E. F., Maniatis, T., "Molecular clon 
ing -A laboratory manual." Cold Spring Harbor Laboratory Press, % 1 M-% 
7 4H~m8 4W. 1989 #M) o *!ig^i*iIfc?£S&3i£i* Ztzft\Z.tt, 
Ift&Kft^ "Molecular cloning -A laboratory manual. % 

1 7$$&3R~SM l H" ) o 

-mzfitztim&m cmmm*?*- psporti cgibco brl tt) iac 

®yat- * — ofe?0 'J — Kx^-^Stt-S^flSlK. Haematococcus Obkt & 
fc^£#AU dn^^HSlc^ALfco 

Saccharomyces cerevisiae ^©ft&aiK^C&A&i: LTte. 'Jf-^A 
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K * CPD ^yot-^-fciO 1 ^-;*-^-^^ flsfcitfe^ d © 
^o^-^-i^ - i^-^-cDF B UcCT©'J- Kx;u-*Stf -5J: ? Kit AL 
tzfmii* v h£flt^U C<Dm$li]-bv S. cerevisiae ©^? 

/ct^ti. yrp^ wm&%#<Dm&m : $:&Mi&&tt2>&9m-?)\'i-3 tr-* 

s YBp£ (B*$©2#n> DNA©£$S!jl£;&£fto»$ffl^-rt/^a t*-<?* 
-)\ Ylp& (Kt^OffiSlie^^Ai^^^ftfe^aii^ffl^^^-) 
?*-K|*AU cn*»«»-#At-Si«fc(/> (H&© r^^<D-^-^W7}-x 

^©jlfE^X^J nifCf)', fc«fcrA Yamano, S., Ishii, T., Nakagawa, M. , 
Ikenaga. H. , Misawa, N. , "Metabolic engineering for production of 0-car 

* * 

otene and lycopene in Saccharomyces cerevisiae". Biosci. Biotech. Bioc 
hen., 58, P. 1 1 12- 1 1 14, 1994 #JBD „ 
< Zymomonas mobi 1 i s^©itfeT-3>A > 

y -;U&i£|fflg Zymomonas mobi lis ^©fl.&fcfK^O^Atex 
&m\z&j&t£&&1x : &&\z£t)'no Z.tt)<X*£2>o Zymomonas mobilisT^it 

ymomonas mobi lis ffl^? ^ — pZA22) £ Zymomonas mobi lislc^A^" Sick 
(+tt££> rzymomonas a8a©^?WaJ x B#g£ft^£l£, 63. p. 1016-1 
018, 1989^ iS&tf^ Misawa, N. , Yamano, S. , Ikenaga. H. , "Production of b- 
carotene in Zymomonas mobilis and Agrobacterium tumefaciens by introduc 
tion of the biosynthesis genes from Brwinia uredovora". Appl. Environ. 
Microbiol.. 57. p. 1847-1849. 1991#RR) » 
< Agrobacterium tumefaciens^OiiiE^3>A> 

tt4fc£!£lfl6l Agrobacterium tumefaciens ^©fl-^itfE^O^AW^ 
fe&%lZ&mU1£&&&&lc£ i )'f7 9 ZtfrX'tZo Agrobacterium tumefacie 
ns T'9\.&i&&?'£&?lZitZ>tztt>lz\i.^ ALfcf&Sf^*- 

Agrobacterium tumefaciens ffl^? 9 — pBI 121) £ Agrobacterium 

1 0 
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tumefaciensJC^A-^StJ:^ (Misawa, N., Yamano, S., Ikenaga, H.. "Prod 
uction of 0-carotene in Zymomonas mobilis and Agrobacterium tumefaciens 

by introduction of the biosynthesis genes from Brwinia uredovora". Ap 
pi. Environ. Microbiol.. 57. p. 1847-1849. 1991 #J8D o 
6. W&.toK&Z'r hi] a?; J K£g (bkt itfc?3&5i) 

&Haematococcus&*©7***1f>^ Yiiv + J 4 K&Jifcit 

y T fr*i/frVB "J (FPP) ktiJVtJ << YtiVX-tK, *^+rM^ 

LT^*©-?* t^TCJS^IiS^I^FMi^i Lt FPP £WLT^ 
•5 tilf Brwinia <Di]o*J<< K^tfafi^BB, 
FPP £&g£LT> Haematococcus CDbkt iftfc^S^OSHx 0- * 

#*tts *M£tf-Ctt<1ffleLfc*£1SK -fttfr^>> BUS Saccharomyces cer 
evisiae. .x.* y -;U£^lfflffi Zymomonas mobilis. ttfoffililOS Agrobacteriu 
m tumefaciens iz Erwinia ©crt itfc^SfcSAU :n6©»4W<, ¥8 

0--hu=f-ymv>-hu s f- J << K^if^iol^U^i^ 

(Yamano. S.. Ishii. T.. Nakagawa, M. , Ikenaga. H. , Misawa, 



N., "Metabolic engineering for production of 0 -carotene and lycopene i 
n Saccharomyces cerevisiae". Biosci. Biotech. Biochem. . 58, p. 1112-111 
4, 1994. Misawa, N. . Yamano. S., Ikenaga, H. , "Production of 0-caroten 
e in Zymomonas mobilis and Agrobacterium tumefaciens by introduction of 
the biosynthesis genes from Brwinia uredovora". Appl. Environ. Microbio 
1., 57, p. 1847-1849, 199L #Bfl¥3-58786^&«#JR) • 

Lfcim, Erwinia a=f-J 4 h'&fo&& : FUt*%W<?)DN A (ft 

tfjKliHaematococcus i&OrtP'f ) 4 K^fiJcitfi^bkt) Z®.fr&t>ltTW\ 
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*J 4 K£ldtiftfc^S¥£i*ALfcfc£«5K, *f£W<DVN k*m\t hZ. t\Z& 

a^^j&tc&g/.CErwinia uredovora ©crtB* crtB. crtk crtY it 
fc^fccfctK^ r- g^AIMfcitfc^T'* * Haematococcus©bkt itfe^^Slg^ 
Ogfc^lc^A LfSSEStt* C <!: K <fc *) , E&g^li LTA >^ 

x** y ZtzlblZlt^ Erwinia uredovora ©crtB. crtB> crtk crtY 

iAB^^tsmn^mm^c * - pacyciso ^nxifz^^xi 

K (tfl^t*. pACCAR16AcrtX) % *>«fcU\ Haematococcus©bkt 
XZtimm*? 9- (.Wz-H. pBluescript II KS+) Kjf A Lfc7"5 K (W 

PHP51 (S&1 OW&m) ) ©M^7X; K**»B JM101) ICa* 

VTWsf- y^fifclCi&HttBrwinia uredovora 4>crtB % crtB^ crtk crtY* 
crtZ itfe^fccfctfy h£jWAIt&it&¥'?&£ HaematococcusObkt itfcfp* 
*»BII*©*4«j«ci>AL»a* facile J: t»««iLt, 7X^*t 

fflWX^+t>f V, 4 r--tf7*U- Ztztbiztt, Erwinia 
uredovora ©crtB, crtB, crtk crtY * crtZ&£?$&&Kfr&;fcMn / <? ? 
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- pACYC184) \z&Altz77Xi K CIPUx.fi*- pACCAR25AcrtX) - 

«fct/. HaematococcusObkt itfe^ ^frBrfr^ABiffi'^ 9 - WlZ-li. pBlue 
script II KS+) IzmAltzZfvXi K (^xtf> PHP51) ©S^X; K£*»§ 

m man. jmiod ca*AU *n*. win* r^vi/v^ttv^^? * 

<3' -t Ko + v/i+^/>> 3-t Kp 7x-3+t>f^(D 

4f7*1fyf->&J&K#I§teErwinia uredovora ©crtE^ crtB. crtU crtY. 
crtZ Ik&frie&Xf'r hg^ABMSitte^ffc* Haematococcus©bkt &Blr£ 

Htfti LTx 3'-t Fd*->x*^;^ 3-b Ko + i/x#*y >RCf7x- 

7. «^«<z>m 

*!6Bfl0DNA-e*6*lSI$n^bkt»fi : f«-*fi*^/:*^'5Z $ KpHP51 * 
«K**<ftLfc«»l©yi:*<!>*^ : DH5a(pHP51) 

$§t#-f : FBRM BP-4757 
SK^flH : ¥fi£6^7£26B 

m 1 BUi* Haematococcus pluvial is N1ES-144 0>*T hS^ASI^ilfe 
7- (bkt) ©JfiSS£?'Ji3- KSttStf'J^f- K©7 i y KR?iJ£*-f « 
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$fS2g|ti ^Haematococcus pluvialis NlES-144 <DT h»A*««S 

«3B(*. «« Haematococcus pluvialis NIES-144 ©* hai»A»Mte 

* (bkt) o*«iWt?-K*n**'J^K«)T^MS«*t. 

«4BB *« Haematococcus pluvialis M1BS-144 Oflr b*»A»*««6 

* (bkt) «#tr«IA«0«WW*W. 0*. A. B**tf CttH*=> K*D 

ffBBtt* Kite******* 

*7B». * r « inia urcdovora o* 0 *" 

*8Bti. ®3& Haematococcus pluvialis NIES-144 ©* h»A»**(E 

* (bkt) fc***AM Erwinia uredovora ©*H»A»*«» < crtz) 

ft9B(*. «« Haematococcus pluvialis NIBS-144 <D* hg3AB*#*fc 

* (bkt) Erwinia uredovora 0*««A**«* (crtZ) 

©m <t * h * p y -r -7 -r * - ttffe**w***- 

«1 OBtt, «« Haematococcus pluvialis NIES-144 ©* MWA**a 

fc* (bkt) **fc2»D79XS KpHP5**tfpBP51 *7T<-fo 
P HP5li P SP0RT lie. pHPSllipBluescript 11 KS4IC> lac ©^o*-* ©U 

SnT«ftW4. S, Sail; Ss. Sstl; P. Pstl; Sr. SphI; N, Notl; X, Xb 

al: K. Kpnl; Sa, Sad. 
% 1 1 HI*. *« Haematococcus pluvialis NIES-144 ©* hXVAUM 

fi? (bkt) <DMi63 K>«t?M©*«W^» fS,/ - >B:/y9X " : K 

ft 1 2 0li. liS Haematococcus pluvialis NIES-144 ©bktitfc*©!. 7kb 
DNMrfr^o^tLfc, 3«S<D HaematococcuslC*rf-*^$m « 
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\s — > 1 ~ 3 : Haematococcus pluvial is 
I/— > 4 6 : Haematococcus lacustris 
> 7 ~ 9 : Haematococcus lacustris 
U 4 x 7 : HindIII^« 
U->2, 5, 8 : PstI mtm 
U-y3, 6, 9 : Xbal ffifctt 

itfi^ffifflcffl ^Haematococcus pluvial isii. WHftA H&Bjc • AR8$£ 
7t-5A ( Global Environmental Forum )fCg&$tlTl<><5 NIBS-144 fcjcT 
*So Haematococcus pluvial is^rgzMgift 0.2%, BfcB^ h U ■> 

A 0. 12%, 0.04%, *ft"*$ r *5"5'A ' 7\7k*0«5 0.02%, 

• -bTKfP^ 0.001%, WMifr*s*) a • r.7kfo$i 0.002%) 

20*0, 12BW;j/ 12^81 (20/zB/oi2- s)T^4B^SLAio X, Haematococc 
us pluvialis ©7X?*1f >f- V&J&fcSI^-^S&K:, Haematococcus pluvial 
is NIBS-144 **Jcg*|&£fc&«&45mM, Kttff-ft • -b}kla««*»M450/£ 
Mlcfc-Si^KflD*., 20^, 125/tB/»« • sTttl2a*|HI**LT, >X KYt 

■ 

[fUfc0>J2] Haematococcus pluvial is©£DNA<D18l$i! 
Haematococcus pluvialis NIBS-144 l*^400ml©S*^Jftlct|g LT20T, it 
®£20tfB/m'-s, W«f*-f ^>H2MBJ / /i2B$p B ^l®t?^4BF B ^gL^o 
frbSf***BU «<bS*TaH£LT. -Si-PttftL 

/Co tt$tt®tt&fi^lC15fflJ0!llltfJttirtt(O. 1 M Tris-HCI pH8. 0, 0.1 M BDTA. 
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0.25 M NaCl. 0.1 mg/nl Proteinase K )£*D;iT&L < flt#U 55^T'2B#R{3 
#&LfcSL 6000xg, lOftffl. ttX'&fcLXit&tilZfRQm'tZo ±^{-0.6 
f&fiCM yyp/<y-^*3fiDiLx -20 < t-C30#fi8#4PLA:&. 7500xg> 15#RSK 
4 < CT&&Lfc 0 ft!8LfcDNA£W^£2iDl©TB&»i£(10mM MJX-HC1 pH8.0. 1 
mM BDTA)T'fej#U %&<D7 * S -fr : *? DO*;l/Ml:l)<!:Jl£LTS&U 
±Jf£tetfi LA: 0 $^T80/z 105M NaCl (h 5ml ©i^ / -;l/ J £rJ!in^.T-20 , CT30^ 
HBfcaiLfctk, 12000xg. 4 < t-eit4> Lfc„ y -^Tfttlft 

>XLfc^ &&LT0.5 BlOTBttSrttClO mM Trls-HCl pH8.0, 1 mM ED 
TA)lcj§fl?U 2. 5a/ 1CD10 rag/mlcDRNase A£fln*.fc fc>©£Haematococcus pluvia 
lis®£DNAj§?££ Lfco 

* 

[H#5#j3] PCRiCtSHaematococcus pluvial is ^b©crtZffl|^^«cD#lH 

Erwinia uredovorai Erwinia herbicola©crtZitfe? (Misawa, N. , Nakagawa, 
M. . Kobayashi, K., Yamano. S. . Izawa. Y. , Nakamura, K. , Harashima, K. , 
Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway by 
functional analysis of gene products expressed in Escherichia col i . J. 

Bacterid., 172, p. 6704-6712, 1990s Hundle, B. S. , Beyer, P., Kleinig, H. 

, Englert, G. , Hearst, J. E. , "Carotenoids of Erwinia herbicola and an E 
scherichia coli HB101 strain carrying the Erwinia herbicola carotenoid g 
ene cluster.", Phytochem. Phytobiol., 54, p. 89-93, 1991) I:a-K2!<l4 

No. 1 5' -GGNTGGGGNTGGCAYAARTCNCAYCA-3' 

No. 2 5' -CANCGYTGRTGNACNAGNCCRTCRTG-3* 

No. 3 5' -GCRTASATRAANCCRAARCTNACRCA-3' 
[N: A,G.C*rt:liT , R: kttzitC , Y: Cttzitl , S:A,CifcliT) 
No. 1 £No. 2S.O r No. It No. 3©ig£7*-5 -f -7-£{£o THaematococcus pluvial i 
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s <D£QNhi&i& : $:&Mt LTPCR (polymerase chain reaction) o /:« 
M&WZtlZ'ti. &J100 ng©Haematococcus pluvial is ©£DNAi£f&. £100 #M 
®m&-f? J 10 mM MgS0«. lxVent BufferUO mM KC1, 20 mM Tris-HCl ( 
PH8.8), 10 mM (NH<)iS0«. 2 mM MgSOo 0.1 % Triton X-100), 250 uU dNTP, 2 
U Vent DNA polymerase (New England Biolabs, Inc.) J: ? JCjg£ U 9 

4°C 30&IBU 55X 30fj>fiiK 72^C 30#ISi-e301f-f ? ;k £#94^ 30#>Pi3> 6 
0°C 30#P8l> 72^C 30WC301M ^UOKJe&ttTPCR^mK SSlftlfrftT? 

CHJ60IJ4] Haematococcus pluvial is©£RNA©ift$!i 

* • 

Haematococcus pluvial is NIES-144 #£800 mlCDSsM&iftlCffigl LT20t\ 
^©20^8^' • s x B^ut^^^;H2^raBJ/12^KB|T^4BP^^*L. ffi^T 
Bfl&£&&&J£45mM, 8fEE*S&-tfc • -b7K»^S^fiS450^M{C/i:S<k SKinx., 
201C. ft&«125//B/m 2 • s^l2W^« Lfco Jggffi^b>B#£3gffi U 

3 micDISOGBN-LS ((ft)i»if,>y-» £iD;U ^&t?5#RBSfcg U HK0.8 
ml©?oD;ivl/A£j!jnx.rt:&> ISMffi L < «#LT3#RSK gfi-Cifcg Lfco 
12000xg^ 15£IBK 4VX'3L^LX±M^itHHL, 2 mHOJ V?v< ; -frZlia 
*.T10»Hk g&TifcSSL 12000xg, lOtffiiK iWAbLtZo t*^T70*x 
-;UTttlR«*y >XLfcft, &&LTlinl©TB$»&U0mM h U X-HC1 (p 
H8.0). 1 mM BDTA)U:feft¥Ltf:fc©£:Haematococcus pluvial is©£RNA&i$£ L 
tzo C©PI$!!aT'4. 1 mg©£RNAj&<# S>nfc 0 

[HifcflJ5] Haematococcus pluvial is©cDNA§E^-7 -f 75 U -©flFS! 
* V J'-r-y ?*-dT30* — (^Si£ (tfc) ) £8H*THaematococcus pluv 
ialis©^RNAttlBg*^#»JA+RNA*««Lfc. 8stf©$!i.S.ra#© 

cDNA©ft»!li. U -f S K->7fA (CIBC0 BRUt) 

1 7 



WO 96/06172 PCT/JP95/01640 

A+RNA $)JPB»*Notl©ME?>i<i:15iDersO^U =fdT^£tt *&E)cDNA£ 

7*5* v-i LTj£*k^»$SUPBRSCRIPT RTOlJiS&DNA££ji)c U ^TB.col 
i DNA »J#--tf> B.coli DNA #«J^5-^ B. col i DNA RNase H^ffl^T2*«g 
cDNA££j£L/c&x #JI8»*SalieD «J >*7-£T4 DNA »J Ml 
&ttlccDNA©±&5fc«8jo<SallSB&> # »J A©T$&#Notli$tt , ctt5<k 7 IC tfc 0 
m^Sclft^^ffl^r^ CftbcDNACDIr* X$*>Ii&fiVx 0. 7kb~3. 5kb©iSB©# 
m*$kit>tz 0 Cl©#B©cDNAift28 ng<h35ng©cDNAf§Si'*.4* 9 -pSPORT I (CIBCO 
BRL tt) £ NotI £SalIT*MLfc*>©££±*«y Hc££ttT^S 5 -f Y- 
•> 3 >/< y 7 r-(50nM H'JX-HCI pH 7.6, lOmM MgC12. ImM ATP, ImM DTT, 5 
X PEC 8000)&tfT4 DNA *) iJ~*£ £ffl^-C5 << V- : s a > Lfco COcDNAS^ 
**-pSPORT Sall8B&(D±«t{Clac7*D*-^-**>^> ^cBiffiP'J'CcDNA 
%&m.ZitZ>Ztt)<T~%Z>'<ir fi-T'kZo fclZ?<< Y- : s a >LfcDNA&&& 
iTS-jt, Molecular Cloning 2nd edition : Cold Spring Harbor Laborator 
y ,1.21-1.41 (1989)©:£fc»cS£oTSS*{Lfc*ll§K (Escherichia coli) DH5a 

£££T&a&A:(fex Molecular Cloning 2nd edition : Cold Spring Harbor Lab 

oratory .1.21-1.41 (1989)©;£fctcftV\ 7*5X5 KDNA£!8fii Lfco 

0.6 mgCD7*5X5 KDNAa<f§"s>*U £tt£Haematococcus pluvial is©cDNA§fc?*t5 

*7*5 V-t Lfco 
? 'J - — > ^ 

(1) /S-rtP^g^UffiCftS! 

Brwinia uredovora©crtZM©/;D^y K^fifcitfe^CcrtX, crtB, crtY, 
crti, crtBitfe^) £Wt"£7*5 X 5 KpCAR16 (Misawa,N. Nakagawa.M. Kobaya 
shi.K. Yamano. S. Izawa, Y. Nakamura, K. Harashima, K. , "Elucidation of the 
Erwinia uredovora carotenoid biosynthetic pathway by functional analysi 
s of gene products expressed in Escherichia coli." J. Bacteriol. , 172, p. 
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6704-6712,1990, &tf<$0fl¥3-58786#&$8#Jia) ©BstBIIflHL Klenow&&& 
-tbfc&s ^S-^D^ygl5fe.{c^SA£crtB.crtY,crtl,crtBiie^#tj 6.0kb©As 

p718(Kpnl)-BcoRI»r/i*W0HJLfc. ZVmKZXMm'O * -pACYC184 (ATCC 
37033 «k«9A^) ©BcoRW4K# AU B^tti?? * $ K (pACCAR16Acrt 
Xi^«) £&fc 0 C©pACCAR16AcrtX£W-rS*B§8fcU ?D7i»7ii3- 

(2) * hSaiAS&iifc^©*? 

*rVl3V=J-J4 Ktt% Haenui toco ecus pluvial isrt"Cli £ of y^gtt^ 
^$tl-5i%x.^*lS (Britton.G.. "Biosynthesis of carotenoids". Plant P 
igments. London, Academic Press, 1988. p. 133-182. (Goodwin, T. W. ed.)# 
M) o ^CTiieOpACCARieAcrtX^fiS^-TS^JliffiJMlOl^^-^n^V (St 

AL, ^bftfcJ&Sffc&ttOfeSi&tta^ ^ hg£A6*&itfc : P£&J#L*:;*: 
5 * > * * * > f- > &&tfL $ ft * <h *JJ§®0feP3# £ " * o f- > t> * > 

£f\ Molecular Cloning 2nd edition : Cold Spring Harbor Laboratory , 1. 
21-1.41 (1989)©;£j££ffll.\ pACCARl6AcrtX£#*#1-S*B§®JMl0l©3 

tKK, C©3 >b'f- y H?;H mlfcflLTlOO ngOcDNA&JS^ — 
AL. ^4£iI©^Kfc&#l;:*tl,TX? 'J-->»\ ftb©tt«bfePe*<^ 
^M^S^^^ofc^ltt^JSIL/ro (C©#©fe£tt, ^«g««J7{rfcUT 
•h >9*-*y1->tn%') tt*>\ C©*jWM$LTl*ScpNA3fe!I:/5X5 K£pH 
P5£<ft£LA:o 75 *S KpHP5©8fj££J&lOElK*-ro 

[iiiPi 7 ] s^A»*ite^©«SE?ij^ 

pHP5tcff A£ttT^SHaematococcus pluvial is&3fc©l. 7 kb cDNA£#]PBi£& 
SaliiXbal X'WOtij ^M'*? ^-pBluescript II KS + feJ^pBluescrip 
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t I! SK + ©SalI/Xbal6B<4K#ALT> 2g©7*5X£ K (pHP51fc«fc C/pHP52<h 
ZmtZo :©?^7X; KpHP51O$tJpa»*%a«r^l0EUc^-r o PHP51 
&U : pHP52(i, •fctl-ftU ±82cDNAj&<lac©:7 , a*-*-©y- Kx;l/-£gtf£ 
^|SJ R tfg tt 1^ PJ A $ tlX tz h © T? & -5 o 

ft8i!Lfc75;U KpHP5K pHP52Ko^T&T©^)IISTig *©£$©*&££ 
-r*K*£&f*tt8!*m\ *ftt>K^Ti&gE?y©fc££fTo*:o PHP51WS 
acl £ Xba U pHP52liKpnI<!:Sall<»:T*#$Lrt:&> 7x;-V^d 

*A'.MStfj£fTl.»s x^y-yl/etiaiCiODNA^IslJRLfco *ft*'n©DNA£lO0 
#l©Bxolll'<7 7 r- (50mM Tris-HCl. lOOmM NaCl, 5mM MgCl 2. lOmM 2-/ )V 
*yhx^y-;k PH8.0) (C&ffEU 180a-? h©BxolII* * U7--tf£j[|[]x. 
T37 c C'C ! «fiL^o 30#>r£{C10 1 ©5£&ft£lJ- >7* 'J LT, 10 1 
©MB><«y7r- (40mM NaCl, 2mM ZnCh, 10%^'J -t?n-;k pH4.5) ©Aofc 

*±©*a-:/K:»Lfc. *>yy>^»7tt. »&ftfcio*©f-A-7*:65'c* 

10#R8&fiLT#££&?Si*i*-rt:SL 5a-y h©v >^t*- * l/7--fe'£ 
*D^.T37t:-C30^«^L^o KlCBU 7#n-*'7 r ,>l>Sftft«MwJ:tK lo©7* 
7X; K©o^T10ig©-en^n^©gS*<S^:5DNAWf>T-*Is]iRLf:o ®JR 
LfcDNAteKlenow **ICJ: *>***¥»fcU 16t, -ft5>T a >5£L 

K*8M!U 77*7^ K'^tv/XfA (80 -r * * •> - * 

*3£Lfcl677 £g*t (bp) **&ttSE?>J£g4H£J:CH*5BI (E?iJ#^ 

^^7l/-A (miS©A~D (EJlJ*©EW*^5l;:ijW , S?2EI©B~ 
D (&yiJ&©E?iJ#-f 6 lw^^-) „ &3EI©C~D <EW*©EWM7I=* 
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*&=3 K>©oJtltt*<*SSiJtttix 5^ (&S&ei68~170, 189-191, 264—26 
6s 348-350, 423-425, cnb©ffig{i#110Kfc^T#l?BfrnT^-5o ) 
tftE-tZo mmiZ7fi1-M1&3 KXCfctf.5168 189 &©i&8, feet 

Cf264 &©igg{i, -e*l*'tt, !&1EI©A, S&2g|©B, fci^ 3 E©CT'* 

#>K, IMS <h|5l«IO^JC«tf?pHP510^«^M^?Tl\ _td^€g«*< 
^Lfc^X; K£&aft9!Lfc 0 f&llKllcli, *n-e'*i©K*7*5 X ^ K© 
#^£±8fc*S${4g£;Fto :nb/5X; K*HJfe^6 dig L/cpACCAR16Acr 

30, 27, 31, 37, 12©*£75*$ K££#* 3*8§&Ttt, *7>**tf->^ 
>©g&J&<12«> #^10, 6, 38Ttt8gi&£ttte^ofco #"tl2 

©i#£, &g{4g264-266©B8&3 K>ATG©A*T-a<K£LT^*a<, %.9z$L& 

SCi^b, C©&g©M*&3 K^^b^^f- K^feioTU5i^bn 
5o Lfcri<^T264~266CDM&3 b' > &LT O * - 7 % s l ) -7 4 >^7 I/- A (£ 
3E1©C~D (B2?iJ£©E?>J#^ 7 IC ) ) K*ftS# 'J ^7*^ Ktt 

(i) # >9*-*y i f-y<Dft% 

CAR16AcrtX, pHP5£ ^(ipHP5D) (gfe£SLTl*£) * 150 tfg/ml©7> 
h'->y> (Ap, WftKJKSg) , 30 jKg/ml0?P5A7x-a-;U (Cm, 
fi!) , 1 mM©IPTG, 7 mg PeS0« • 7H«0fcJ:C/9. 3 mg Na 2 • BDTA££ir2YTlgifc 
(1.6% h »J7* h l%>f-* 0.5% NaCl) 2 'J * h/UT?, 30^C, 24 
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~30^MlSSL^o l§ft&^b&eLfcffi#£x 300 ml ©7-tr h >lc<t *9*ftl±3 
L/Co C*l£SI6&, 200 ml ©* op*;1/A/> * y (9/1) T'2lHlfSai 

U StS^SLfco $t>JC C^'M©^oDtwi/A/>^y-;i/ (9/1) ic 

y *y-;U (50/1) T'SBflf S£<hlc«fc*K 8|®^u-7 h/-574- (TIC) £ 
ffofc c COTLC K «fc9> HiRfttO.53^ 0.78fc«fctfl ®3X*-; 

frtltzo MStt/cfe££#©75%l;:ra£tS®*>«<<^fefe3fc(Rf fitO. 53) 
TLC7*U- h*^Mi-5fc. C©jfcfefe5fc£S bK'Jvfi©? a a*;UA/y * 

y-;l> (9/1) ICftfftfL H? 7 r T ? XLH-20/7 7i*? h^^7-f- (15 X 3 

00 mm) Kifrtts * o a *;l/A/y * y -;U (9/1) TgMi§fcBf 5C itCfc^K 

/e 564) . *5«fcO\ •> U ii ? M\A,<D&$l$L (? p o*;l/A/y * y -;U (50/ 
1) TSMTRf SO. 53) *^^+t>f>OW B (BASFttSi) if^T- 

StflK$tfi3ftfcfeJfc©10a>C*i£-f S^fefe* (TLC -TRffitO.78) 
TLC 7*1/- hfr&fr*£*K 4>ft©y ^ y -;l/K»^LA:« C©fe*©&#-°I 
&X^? •> «J * y/l/TLCQ&M (?OD*W^y-* (50/1) T- 

JgBHTRf ttO. 78) s fc«fcy\ y ><'< y ?HR6#C, .(3. 9 x 300 mm) 
XttSi!) £ffll*fcHPLC©#ft& (7-bh-hy^/ *9J-toft- -fw*J-fr 
(90/6/4)T*1.0 ml/ ^OiSST-<DSM-CRT16^) <fct)x**y > (fc&iUim 8 

D&TLC 7*U- h**&J&**&»K :!>*©> *y -A/|C*^Lfco C©fe&©&ft 
-olllx^^ h;k feitf, 7 ?HR 6// C,e (3. 9 X 300 mm) 

*ffl^fcHPLc©»ttflt (7* h y */> * y -/w/2--/a/<y - 

* 

JV (90/6/4) T1.0 ml/ #©&&T©gMTRT62#) jS-rto^V©^ 

g (7j--;Uh7>^S!. Sigma tt«) if ^T-SLfcfci6, #$jHli*5£© 
$-i]a?> 8 I9M) f*5:t^ot, 
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f 7 * > f >m&.*mm*fc<DJ:jlZlTft9illtZo -r^t>^, Br. uredov 
ora <D ±iju=f-J4 K^figite^P^WtS^? X $ K pCAR25 (Misawa, N. , 
Nakagawa. M. , Kobayashi, K. , Yamano, S. , Izawa, Y. , Nakamura, K. , Harash 
ima K. , "Elucidation of the Brwinia uredovora carotenoid biosynthetic p 
athway by functional analysis of gene products expressed in Escherichia 
coli". J. Bacteriol., 172. p. 6704-6712, 1990fc«t ^^¥3-58786 ^) <D 
%WiM& BstEil Mit. Klenow fragment 5 J Y- > a >B.fe£'i7r> Z t 

K<fcl), crtX itfc^£7 hiding -t?7*1r>^>g 

^K^SttcrtB^ crtB, crtL crtY> crtZ itfci^^t* 6.5 kb Asp718 (KpnO 
-EcoRI MKZVWtzLtZo L"t\ CCDBrfr**)!^:? * - P ACYC184 O E 
coRVSBffilCjfAU gW£*--5 7*5*$ K (pACCAR25AcrtX£<ft£) £Wtz 0 

P HP5£ fc(i P HP5l£ C fD-tf 7+1f >^ >j^^Hg|JM101(C^A L/^ fc® (*8I 
H (pACCAR25AcrtX, pHP5£ fctipHP5D) (8fe£MLTL>-5) * 150 /rg/ml 
Ap> 30 #g/ml©Cnu 1 mMOIPTGx 7 mg FeSO, • 7H,0fc«fctf9. 3 mg Na 4 • BDTA£ 

£V2n)gm ci.6% h h > N i%^-7i«x^ o.5% Naco 2Uv h/u-^ 

30t\ 24~30«^SL/Co i&mfofrZ>&mLtzm#£. 300 ml ©7-fer->l;: 

«k«9fttHLA:o C*l£S*8&> 200 ml o afrjlj*// 9 J —A/ (9/1) V 

(9/1) tC&$gL ^^^ttiS!©5}-roffl'> , J^y^TLC7'b- r-£J?J^T, *o 
at«;l/A/y^/-;l/ (15/1) rSM-rsci<cJ;«9, 8fi^n7h/57^ 
- (TLC) £frort: e 7C<D&fefe&te s COTLCIC J; *K Rf fit 

0.40 % 0.54x 0.72©3X#y M£#*tflfc 0 dtt&Ofe*** TLC7*U- r-^bs 

fr*4-sfcft, ^io^oDtwi/A/^y-yi/ (9/1) (cftftU t7 7 f^ 

XLH-20/7 7 A? D7 7 * - (15 X 300 mm) fc$>U\ 9 vv 9 
J-fr (9/1) -egB8fefcti"9 u SC£K s fc*K &4 0fft£& % *n«£*tt> i&l mg> 
1 mg> 2 mgf#/c 0 

}ftlfc3tt£fe&£#©ft¥#K:*§ij§-$-.s Rf 0.72©fe&(i, ^-PliiX^^ 
h;K 'H-NMR. FD-MSX^^ Y )\> (m/e 596) ©tSiRJ:»3 % 7X * >f- ><!: 
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)\/\ Z-7v*J : x*y-;U 5:5:2 lc»J»U CD*'*? YfrZMfeltz 

^> 8 ia#J8D ii5i^L/co Rf o.54©fe^w. *©&**- 

°J*ax^* 'H-NMRx FD-MSX^^ h/l/ (m/e 582) ^ fc«fct/x i/'JrtYML 
C©#S&£ (jDDiJl/A/^;-^ (15/1) T®®M~CRHfiO. 54) 4 
-*r H* 7 * If > f- > 8 HM) i|il^$nfco Rf 0.40 

(15/1) T'gMT©Rf<gO. 40) , *HR8/iCn<3. 9 x 

300 ran) ( 0 * - * - Xtt$!) WcHPLC©#I&& (7* h- I* 'J /IV p< * y 
-;t72- 7o'V-M90/6/4)-C1.0 ml/ ^©»ST'©SWeRT6. 5 #) *<-ifT 
+ -9->f->«DMmS (BASFttS!) i-f^T-HtLfc/liiK *«3® (**5fe©-tf7 



£l±©C£ri^ * hg£AB*£afc^©®^K^T&T©<k9K%;L3:: 

(1) J:*K Haematococcusoy hg^AH&itfc^ (bkt) (±x 

hg$AI*& (/8-carotene ketolase) £3- K LT^S £ tteWfrX'kZ m 
8El#jra) o :®Ctli 1 o©#$BKTa<£-1';*V >SI© 4 4* tt©> 



£i#o#&tt^£T*&£nTl«>te^ofc*>©-e;fc*o $ ^$fe0ij9 (2) J; *K 
Haematococcus©bktiie?-lix ±IE©i£ttJ£l*Mc\ -tfT+tf L 
Tx 4 -y V-GT >£i£T7X?*1>- >^ >^©&&£/ft£1"£ ^ 
£A#* (zeaxanthin ketolase) £3- K LTt^S C tttlB^T** 0&8EI 
#JR).. C©C<htil o©&£BKT;&< 3 3 ' - b KP + f-jS-'f *V >8© 
4&fc«fctf 4' tt©^ ^l/i/g^l^tt^* hglc£&LTL£ Ki^TU 
I,**,, C©«fc-?^t*tl«-i#o»Jfet>^*T*ft]t>nT^/S^o/it©^*So L/c 
i!,T, Haematococcus©* hS^Ag&itfc^bkt {±. 3 fit ( 3 ' &) ©{41 
U7kKS*<f 5 t*nLT^SLTV^<£^lc^6t)<£<, 4(4 (4* tt) o/f u> 
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*r r-2#A6*& (0-ionone or 3-hydroxy-£-ionone ring ketolase) £3- K 
* L o tz *> ©T*<6 Z o 

Brwinia© 'J a If >M6N&»fc?-r*>ScrtYtt U 3 h* >#?©¥#lf o£gg 



LTJB-fk-r-So Lfci^T, Rhodobacter©7 a hx>r^f-^5-4fitfeTcrt 
I ^ffl 5 C i «k <5 U 3 e (9 1- y ^ o ^ # I/ >^8§e»c^iijc$ ti"> 

CftKBrwinia©crtY£ftffi$-t*-S<^ y-f px#l/>ic*5tf S U a 

d^>^^1-S (Linden, H., Misawa, N., Chamovitz, D., Pecker, I., Hir 
schberg, J.. Sandmann, G. , "Functional complementation in Bscherichi 
a coli of different phytoene desaturase genes and analysis of accumulate 
d carotenes". Z. Naturforsch. , 46c, p. 1045-1051, 1991) 0 ttz, #&Bfl|c 

tmh*fttzi ->r tV7*-*y ft* ° :nti> BKTa<gg©¥#© 

Brwinia©crtE N crtBs crtk crtY^ crtZ M.&=?%Gt flf*EL*:<fc 

^CiCBKT^WSi. 0-9 'J 7 f- LT3'-h K 
ft y> ICBKTWffl LT 7 x x 3 >f- y S £ £ frT' £ Z t £ C <!: 



fc^fc#-e*S<!:J£fr*l£o Haematococcus<!:&/^'eftSW7 
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f->g&»£«JT?&*Phaffia rhodozymaKfc^TfcL 7 X* ^>f->fpN\R 

(Andrewes, A. C. . Phaff, H. J. , Starr, M. P.. "Carotenoids of Phaffia 
rhodozyma, a red-pigmented fermenting yeast". Phytochemistry, 15, p. 100 
3-1007, 1976) o &L±<D C t <t *) , % 8 EUC* L A:7** ><D£gft!Sf 

-2) o 

[&&0U 0] f&Olf&Haematococcus ®&fe#DN AlztttZW >#Vt 
ftkO^f^Haematococcus ®&&#±\Z&&ltzb\itt#Wl&£7Ft®mmi> 
n-5^S^^t^rt L/co HM 2 (cgBL^Haematococcus pluvial is NIES-144d> 
•i©^DN AOiSSyS C^S^Haematococcus lacustris UTEX 294<bHaemat 
ococcus lacustris C-392 ©£DN A£SI8?Ln Haematococcus pluvialis NIBS 
-144©£DNA£&K#JP8IMfcHindNU Pstl&S W;tXba^?78^fcLT7#D- 
*y;^«»SiMfo&-e#«lLrt:o #f8LfcDN AttfrJt&O. 5N NaOH , 1.5M NaCl <0 

tffco D N Ailt Lfct a 1/ y ij ^ - -> 3 >^ (6 

xDenhardts 5 xSSC , 0.2X SDS, 100/zg/ml ssDNA) JCgU 4 &jf§l, S5°CT' 

y^-V-i/ a >£frofco Ktcbktit&?01.7kb DN ABrJtfcMeg 
aprime™ DNA labelling systems (7^-> + A) £ [a-"P]dCTP (-110 TBq/ 
minol) ££ffl^T«M$MfcU ±BB©7 7 l ) i/ a >&fl£lCjinx.T16 

xSSC, 0.1XSDS T60 , C N 1 l$fii1$fc#U h 5 ^^^5 7 -ICJ; oTlSIS] 
*>$ r :*->'l'£tfcttiLrt:*S&, Haematococcus pluvialis NlBS-144T?li> Hi 
ndNI ${fc$rz?15kb, lOkb, 1.9kb \ PstmitWlT'lM. lkb % 3.3kb % 2. 8kb % 
2.3kb . 2.0kb . 1.4kb , 0.8kb , XbaI^-ft*5T?5. lkb ©ftSK^n-eftg^ 
7t)W&Z>tltZo CtlKMlX. Haematococcus lacustris UTBX 294"e(i. Hi 
ndlll mtyiX'ISlib, 7.7kb , 1. 9kb % Pstl^MT'lOkbx 5. Okb , 4.0kb . 3. 
4kb , 2. 9kb . 1.5kb N 0.82kb N XbaIr8^T«20kbJ^±OD N A©<4E Aftffc 
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*tl*'tl 1 &\.^>7i-J\'t)mz>tl, Haematococcus lacustris C-392 Tt^ Hindi I 
I ffl4bftT15kb« 12kb, 1. 9kb ^ PstI^^T'(i6. 5 kb, 3.0kb % 2.3kb ^ 2.0k 
b \ 1.4kb % 0.8kb , XbaI/8MT(i5. 3 kbO&gK* Jx*'n&^ > n-JW& 
£ftfc (1(1120) o 
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KM 

&n<0%2 : 3 2 0 

: Haematococcus pluvial is 
: N1ES-144 

Met His Val Ala Ser Ala Leu Met Val Glu Gin Lys Gty Ser Glu 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 

Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr 

50 

Met Ala Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His 

65 

Ala He Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His 



25 30 



40 « 



55 60 



70 75 



80 BS 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 

95 100 105 

Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 

110 

Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 

125 

Thr lie Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 



115 I 20 



130 135 
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140 145 150 

lie Cys lie Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 

155 160 165 

Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

170 175 180 

Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 

185 190 195 

Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala 

230 235 240 

Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 

290 295 300 

Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 

305 310 315 

Val Pro Ala Leu Ala 

320 



IJM : 2 



WMO&Z : 3 1 3 
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: Haematococcus pluvial is 
: NIBS-144 

Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 

15 10 15 

Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 

20 25 30 

Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 

35 40 45 

Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr lie He Gly 

50 55 60 

Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin He Arg Leu 

65 70 75 

Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

80 85 90 

Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala 

95 100 105 

Ala Val Phe lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He 

110 115 120 

Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg His Arg 

125 130 135 

Gin Leu Asn Asp Leu Leu Gly Asn lie Cys He Ser Leu Tyr Ala 

140 145 150 

Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 

155 160 165 

Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 



3 o 

i 



WO 96/06172 PCT/JP95/01640 

170 175 180 

* 

Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 

200 205 210 

Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 

Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 



E?'J#-t : 3 
E?'J©S£ : 2 8 8 

: Haematococcus pluvial is 
ft£ : N1ES-144 
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Met Pro Ser Clu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 

20 25 30 

Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His Ala He 

35 40 45 

Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 

50 55 60 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 

65 70 75 

Leu Leu His lie Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

80 85 90 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr lie 

95 100 105 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 

110 115 120 

lie Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 

125 130 135 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 

140 145 150 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 

155 160 165 

Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 

170 175 180 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

185 190 195 

Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala Phe Arg 

200 205 210 

Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 
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215 220 225 

m 

Pro Ala Ala Cly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

Ala Leu Ala 
288 

B2?'J#^ : 4 
E*iJ©g$ : 1 6 7 7 

b # a i? - : fiflltt 
E^lJOSlS : c D N A 

§M%3 : Haema toco ecus pluvial is 
t*^ : NIBS-144 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 60 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 120 
CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CAC GTC 176 

Met His Val 
1 

GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC AGT GAG GCA GCT GCT TCC 224 
Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser 
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5 10 15 

AGC CCA CAC GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC 272 
Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser 
20 25 30 35 

GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT 320 
Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro 

40 45 50 

CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 368 
Pro Ala Ser Asp Ala Lys Gly Me Thr Met Ala Leu Thr He lie Gly 

55 60 65 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG 416 
Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro 

70 75 80 

ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC ACA GCC 464 
Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala 

85 90 95 

CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC 512 
Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala Ala Val Phe 
100 105 110 115 

ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC 560 
lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp 

120 125 130 

GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC 608 
Ala Met His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu 

135 140 145 

CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG 656 
Leu Gly Asn lie Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met 

150 155 160 

CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG 704 
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1« 



ocq 255 

245 " u 



£0 

CCA GGC TCT CAG GTG ATC OCC TOO TTC AGC GCC AAG ACA AGT GAG CCA 



260 



265 



I, CAT OTG ATG AGT TTC CTC ACA TGC TAC OAC TTT CAC CTC CAC TGG 
Ser Asp Hi *. Ser Ft. l.u Tnr Cys T,r ... M ^ * ' 

280 " a 

GAG CAC CAC AGG TGG OCC TTT GCC CCC TOG TGG CAC CTG CCC CAC TGC 
„. His His Ar, TrP Pro Pne M. f» ™ Tr, °'° * "' S *' 

inn 305 

295 

Ar 6 Ar„ Leu Ser ClT Art G.y U. V»l Pro Al. U. AU 

310 315 



752 



800 



848 



AAA GAC CCT GAC TTC CAC AAG GG. AAT CCC GGC CTT «C CCC TGG TTC 

185 190 
Z AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG 
Alt Ser Pr.e ft. Ser Ser Tyr ft. Ser U. TrP ... f* «. *. U. 

90S ^ 

200 

CCA TGG TGG GCA CTC GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 

2 2 TrP M. *. W « «• *' - «' A " 

215 220 
CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CCC CTC 

235 240 
TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA «4 



896 



992 



1040 



1088 



1137 
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CCTCCGCTGG TGACCCAGCG TCTGCACAAG 
GGCAGCGCAG TGCACTCTCA GCCTGTATGG 
TGCCACTGAG CACTGGGCGT GCTACTGAGC 
TACTGACAAT GGGCGTGCTA CTGGGGTCTG 
AGTAGCGGTG GCCAACGTCA TGTGGATGGT 
TTTGAGAGGG CTAAGTTATA AATCGCATGC 
GGGAAATCCC TTCGAGAGTG ATTATGGGAC 
TCAGCAGCAG TACTTAGTGA GGGTGAGAGC 
AACCTGGTCA GCGAGGTGAA CAGCCTGTAA 



PCT/JP95/01640 

AGTGTCATGC TACAGGGTGC TGCGGCCAGT 1197 

GGCTACCGCT GTGCCACTGA GCACTGGGCA 1257 

AATGGGCGTG CTACTGAGCA ATGGGCGTGC 1317 

GCAGTGGCTA GGATGGAGTT TGATGCATTC 1377 

GGAAGTGCTG AGGGGTTTAG GCAGCCGGCA 1437 

TGCTCATGCG CACATATCTG CACACAGCCA 1497 

ACTTGTATTG GTTTCGTGCT ATTGTTTTAT 1557 

AGGGTGGTGA GAGTGGAGTG AGTGAGTATG 1617 

TGAATGACTC TGTCTAAAAA AAAAAAAAAA 1677 



eeyjs-t : 5 

E?lJOS$ : 9 6 3 

: 

h- D * - : &f«U* 
BE^JOSS : c DN A 

&M%i : Haematococcus piuvialis 
: NIES-144 

ATG CAC GTC GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC ACT GAG 45 

Met His Val Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu 
15 10 15 

GCA GCT GCT TCC AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG 90 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

TAT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA 135 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 
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AAG CAC CCC TAC AAA CCT CCA GCA TCT GAC GCC AAG GGC ATC ACG 180 
Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr 

50 55 60 

ATG GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC 225 
Met Ala Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His 

65 70 75 

GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 270 
Ala He Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 

80 85 90 

TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC 315 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 

95 100 105 

AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC 360 
Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 

110 115 120 

CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC 405 
Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 

125 130 135 

ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC 450 
Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 

140 145 150 

ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT 495 
lie Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 

155 160 165 

CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA 540 
Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

170 175 180 

GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 585 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
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185 190 195 

CCC ACC TTC ATC TCC ACC TAC ATG TCC CTC TCG CAG TTT GCC CGG 630 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG 675 
Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

GCA AAT CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA 720 
Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala 

230 235 240 

TTC CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG 765 
Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC 810 
Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

AAG ACA ACT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC 855 
Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC 900 
His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 

290 295 300 

TGG TGG CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG 945 
Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 

305 310 315 

GTG CCT GCC TTG GCA TGA 963 
Val Pro Ala Leu Ala 

320 
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B2?iJ#^- : 6 
E^lJ©g$ : 9 4 2 

: 

htfoi;- : 
Be^lJOSS : c DNA 

QcM%* : Haema toco ecus pluvial is 
t*£ : NIES-144 
B£?|J 

ATG GTC GAG CAG AAA GGC AGT GAG GCA GCT GCT TCC AGC CCA GAC 45 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
15 10 15 

GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG TCG 90 
Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 

20 25 30 

TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT CCA 135 
Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 

35 40 45 

GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 180 
Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr lie He Gly 

50 55 60 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA 225 
Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu 

65 70 75 

CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 270 
Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

80 85 90 

ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT 315 
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Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His lie Ala 

95 100 105 

GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC 360 

Ala Val Phe lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe lie 

110 115 120 

ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG 405 
Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg His Arg 

125 130 135 

CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC 450 
Gin Leu Asn Asp Leu Leu Gly Asn lie Cys He Ser Leu Tyr Ala 

140 145 150 

TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC 495 
Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 

155 160 165 

AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 540 
Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 

170 175 180 

AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC ATG TCC AGC TAC 585 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG GTG 630 
Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 

200 205 210 

ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC TTC ATG 675 
Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC 720 
Ala Ala Ala Pro lie Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 
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ACT TAC CTC CCA CAC AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT 765 
Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA AGT GAG GCA TCT GAT 810 
Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG GAG 855 
Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 900 
His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 942 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 



Be?'J#"f : 7 
B£?lJ©g$ : 8 6 7 

WMOW. : 

h # D S> - : IMM* 
Be^'JOSS : c DNA 

: Haematococcus pluvial is 
t*£ : NIES-144 

ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC 45 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 
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CCC TAC AAA CCT CCA CCA TCT GAC CCC AAG CGC ATC ACC ATG CCG 90 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr Met Ala 

20 25 30 

CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA 135 

Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His Ala lie 

35 40 45 

TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG 180 

Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 

50 55 60 

CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC 225 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 

65 70 75 

CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 270 

Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

80 85 90 

ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA 315 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He 

95 100 105 

GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC 360 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn lie Cys 

110 115 120 

ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG 405 

lie Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 

125 130 135 

CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT 450 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 

140 145 150 

GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC 495 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 



4 2 



WO 96/06172 

155 

TTC ATC TCC AGC TAC ATG TCC CTG TGG 
Phe Met Ser Ser Tyr Met Ser Leu Trp 

170 

TGG TGG GCA GTG GTG ATG CAA ATG CTG 

Trp Trp Ala Val Val Met Gin Met Leu 

185 

CTC CTA GTC TTC ATG GCT GCA GCC CCA 
Leu Leu Val Phe Met Ala Ala Ala Pro 

200 

CTC TTC TAC TTC GGC ACT TAC CTG CCA 
Leu Phe Tyr Phe Gly Thr Tyr Leu Pro 

215 

CCT GCA GCA GGC TCT CAG GTG ATG GCC 
Pro Ala Ala Gly Ser Gin Val Met Ala 

230 

ACT GAG GCA TCT GAT GTG ATG AGT TTC 
Ser Glu Ala Ser Asp Val Met Ser Phe 

245 

GAC CTG CAC TGG GAG CAC CAC AGG TGG 
Asp Leu His Trp Glu His His Arg Trp 

260 

CAG CTG CCC CAC TGC CGC CGC CTG TCC 
Gin Leu Pro His Cys Arg Arg Leu Ser 

275 

GCC TTG GCA TGA 867 
Ala Leu Ala 
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1 f>/\ 

160 


1 e c 

165 




f*kf* TTT PPP 

CAG TTT GCL 


npp ptp rr* 
LOU tlu uLA 


D4U 


Pin Dk A A 1 A 

uln rne Ala 


Arg Leu Ala 




170 


t QA 

loll 




r.r.r. p.ph ppp 

UuU 01/0 1/1/1/ 


ATP. fiPA AAT 
nlu UUn nnl 




ri « A 1 a Prn 

Oiy Ala rro 


Mel Ala ASll 




iyu 






ATP TTP TP A 

Alt 110 itA 


PPA TTP PPP 

OCA 1 It COO 


fiQft 
OoU 


He Leu ser 


Ala Pne Arg 




205 


O 1 A 

Z10 




PAP AAP PPT 

tAt AAO to J 


PAP PPA PPP 
OAO ttA OOt 


0 I D 


HIS Lys rro 


PI ii Dm P 1 «t 

oiu rro uiy 




09ft 
LCAJ 






tpp ttp Ann 

1 00 lit null 


PPP AAP APA 
\s\j\j AAU Al/A 




irp rne Arg 


Ala 1 i» TUh 

Ala Lys inr 




235 


O A A 

240 




PTP kf*A TPf 

CTG ACA TGC 


TAP PAP TTT 

TAC CAC TTT 


♦7CC 


Leu Thr Cys 


Tyr His rne 




OCA 

250 






PPP TTT PPP 
ttt I 1 1 Ott 


PPP TPP TPP 
ttt J 00 luu 




Pro Phe Ala 


Pro Trp Trp 




265 


270 




GGG CGT GGC 


CTG GTG CCT 


855 


• 

Gly Arg Gly 


Leu Val Pro 




280 


285 
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1 



T 

XTG 

Met 

TCC 
Ser 

TCG 
Ser 

GAC 
Asp 

TTT 

Phe 

■ 

TGG 
Trp 

CTG 
Leu 

ATC 
He 

AAT 
Asn 

ATG 
Met 

GAC 
Asp 

ATG 

Met 

GTG 
Val 

GCC 

Ala 

AAG 
Lys 

AAG 
Lys 

CTG 
Leu 

TGC 
Cys 



US 
GTC 
Val 
230 
CCA 
Fro 
284 
GAC 
Asp 
338 
AAG 
Lys 
392 
CAC 
His 
446 
CCT 
Pro 
S00 
ATC 
He 
554 
ACA 
Thr 
608 
CTC 
Leu 
662 
CAT 
His 
716 
GAC 
Asp 
770 
AGC 
Ser 
824 
CAA 
Gin 
878 
ATC 
He 
932 
GAG 
Glu 
986 
AGT 
Ser 
1040 
CAC TGG 
His Trp 
1094 
CGC CGC 
Arg Arg 



CAC 
His 

AGC 
Ser 

TCA 
Ser 

GCC 

Ala 

TTA 

Leu 

TTG 
Leu 

CAC 
His 

ACC 
Thr 

GAT 
Asp 

CTG 
Leu 

CCT 

Pro 

TCC 
Ser 

ATG 
Met 

CCA 
Pro 

CCT 
Pro 

ACA 

Thr 



GCA 
Ala 

GAC 
Asp 

GCA 
Ala 

GGC 
Gly 

GCA 
Ala 

GTG 
Val 

GCT 
Ala 

CAT 
His 

CTT 

Leu 

CGC 
Arg 

TTC 

Phe 

TAC 
Tyr 

ATG 
Met 

TTG 
Leu 

CCA 
Pro 

GAG 
Glu 

GAG 
Glu 

CTG 
Leu 



ies 

GCA 
Ala 
239 
TTG 
Leu 
293 
CGT 
Arg 
347 
ACG 
Thr 
401 
TTT 

Phe 

455 
GAA 
Glu 
509 
GTC 
Val 
563 
GCA 
Ala 
617 
AAC 

Asn 

671 
CAC 
His 
725 
AAG 

Lys 
779 
TCC 
Ser 
833 
GGG 
Gly 
887 
GCA 
Ala 
941 
CCT 
Pro 
995 
TCT 
Ser 
1049 
CAC CAC 
His His 
1103 
TCC GGC 
Ser Gly 



TCG 
Ser 

GTC 
Val 

GCT 
Ala 

ATC 
lie 

ATA 
He 

TCC 
Ser 

GCA 
Ala 

GAC 
Asp 

GGC 

Gly 

AAG 

Lys 

CAC 
His 

ATG 
Met 

CTG 
Leu 

TCA 
Ser 

GGC 
Gly 

GCA 
Ala 



194 

CTA ATG CTC GAG 
Leu Met Val Glu 
248 

AGA GCG TGG GCG 
Arg Ala Trp Ala 
302 

CCT GCG CTA AAG 

Pro Ala Leu Lys 
356 

ATG GCG CTG ACC 

Met Ala Leu Thr 
410 

CAA ATC AGG CTA 
Gin He Arg Leu 
464 

GCC ACA GCC CAG 

Ala Thr Ala Gin 
518 

TTC ATT GTA CTT 
Phe He Val Leu 
572 

ATG CAT GGC ACC 
Met His Gly Thr 
626 

ATC TGC ATA TCA 

He Cys He Ser 
680 

TGG GAG CAC CAC 
Trp Glu His His 
734 

GGA AAT CCC GGC 
Gly Asn Pro Gly 
788 

CTG TGG CAG TTT 

Leu Tro Gin Phe 
842 

GCG CCC ATG GCA 

Ala Pro Met Ala 
896 

TTC CGC CTC TTC 
Phe Arg Leu Phe 
950 

GCA GCA GGC TCT 
Ala Ala Gly Ser 
1004 

GAT GTG ATG AGT 
Asp Val Met Ser 

1058 
AGG TGG CCC TTT 

Arg Trp Pro Phe 
1112 

CGT GGC CTG GTG 
Arg Gly Leu val 



203 
AAA 
Lys 
257 
CAG 
Gin 
311 
GCC 
Ala 
365 
ATT 

lie 

419 
ACA 

Thr 

473 
TTG 
Leu 
527 
TTC 
Phe 
581 
GCT 
Ala 
635 
TAC 
Tyr 
689 
CAT 
His 
743 
GTC 
Val 
797 
CGG 
Arg 
851 
CTC 
Leu 
905 
TTC 
Phe 
959 
GTG 
Val 
1013 
TTC CTG 
Phe Leu 
1067 
GCC CCC 
Ala Pro 
1121 
CCT GCC 
Pro Ala 



CAG 
Gin 

ACA 
Thr 

CAC 
His 

ATC 
He 

CCG 
Pro 

CTT 
Leu 

GAG 
Glu 

ATA 
He 

CTG 
Leu 

AAC 

Asn 

CTT 
Leu 

GCC 
Ala 

AAT 

Asn 

TAC 
Tyr 

CAG 
Gin 



GGC 
Gly 

TAT 
Tyr 

TAC 
Tyr 

GGC 
Gly 

TCC 

Ser 

GGC 
Gly 

CTG 
Leu 

TTG 
Leu 

GCC 
Ala 

ACT 
Thr 

CCC 
Pro 

CTG 

Leu 

CTA 
Leu 

GGC 
Gly 

ATG 

Met 

ACA 

Thr 

TGG 
Trp 

TTG 

Leu 



212 
GAG 
Glu 
266 
ATG 
Met 
320 
CCT 
Pro 
374 
TGG 
Trp 
428 
GAC 
ASp 
482 
AGC 
Ser 
536 
ACT 
Thr 
590 
CAC 
His 
644 
TTT 
Phe 
698 
GAA 
Glu 
752 
TTC 
Phe 
806 
TGG 
Tro 
860 
TTC 

Phe 
914 
TAC 
Tyr 
968 
TGG 
Trp 
1022 
TGC TAC 
Cys Tyr 
1076 
TGG CAG 
Trp Gin 
1130 
GCA TGA 

Ala 



AGT 
Ser 

CAC 
His 

AAA 

Lys 

ACC 
Thr 

ATG 
Met 

GGA 
Gly 

TAC 
Tyr 

AGG 
Arg 

TGG 
Trp 

GGC 
Gly 

TGG 
Trp 

GCA 
Ala 

GTC 
Val 

ACT 
Thr 

GCC 
Ala 



GCA 

Ala 

CCA 
Pro 

CCA 
Pro 

ACC 
Thr 

CAG 
Gin 

AGC 
Ser 

GGT 
Gly 

AGG 
Arg 

GAC 
ASp 

GTG 
Val 

CCC 
Ala 

TGG 
Trp 

ATG 

Met 

CTG 
Leu 

TTC 
Phe 

CAC 
Kis 

CTG 
Leu 



221 
GCT 
Ala 
275 
GAG 
Glu 
329 
TCT 
Ser 
383 
GTG 
Val 
437 
CAC 
His 
491 
CTA 
Leu 
545 
TTC 
Phe 
599 
CTC 
Leu 
653 
AGC 
Ser 
707 
AAA 

Lys 
761 
TTC 
Phe 
815 
GTG 
Val 
669 
GCA 

Ala 

923 
CAC 
His 
977 
GCC 
Ala 
1031 
TTT GAC 
Phe Asd 
1085 
CCC CAC 
Pro His 



GCT 
Ala 

TCC 
Ser 

GCA 
Ala 

GCA 
Ala 

CTT 
Leu 

AGC 
Ser 

CTA 
Leu 

CAG 
Gin 

TAC 
Tyr 

GGG 
Gly 

AGC 
Ser 

GCA 
Ala 

GCT 
Ala 

CCA 
Pro 

AGG 
Arg 
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B 



T 




197 






206 


ATG 


GTC 


GAG 


CAG 


AAA 


GGC 


Het 


Val 


Glu 


Gin 


Lys 


Gly 






251 






260 


GCG 


TGG 


GCG 


ACA 


CAG 


TAT 


Ala 


Trp 


Ala 


Thr 


Gin 


Tyr 






305 






314 


GCG 


CTA 


AAG 


CAC 


GCC 


TAC 


Ala 


Leu 


Lys 


His 


Ala 


Tyr 






359 






368 


GCG 


CTG 


ACC 


ATC 


ATT 


GGC 


Ala 


Leu 


Thr 


He 


.He 


Gly 






413 






422 


ATC 


AGG 


CTA 


CCG 


ACA 


TCC 


He 


Arg 


Leu 


Pro 


Thr 


Ser 
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476 


ACA 


GCC 


CAG 


CTT 


TTG 


GGC 


Thr 


Ala 


Gin 


Leu 


Leu 


Gly 






521 






530 


ATT 


GTA 


CTT 


GAG 


TTC 


CTG 


He 


Val 


Leu 


Glu 


Phe 


Leu 






575 






584 


CAT 


GGC 


ACC 


ATA 


GCT 


TTG 


His 


Gly Thr 


He 


Ala 


Leu 






629 






638 


TGC 


ATA 


TCA 


CTG 


TAC 


GCC 


Cys 


He 


Ser 


Leu 


Tyr 


Ala 






683 




692 


GAG 


CAC 


CAC 


AAC 


CAT 


ACT 


Glu 


His 


His 


Asn 


His 


Thr 






737 






746 


AAT 


CCC 


GGC 


CTT 


GTC 


CCC 


Asn 


Pro 


Gly 


Leu 


Val 


Pro 






791 






600 


TGG 


CAG 


TTT 


GCC 


CGG 


CTG 


Trp 


Gin 


Phe 


Ala 


Arg 


Leu 






845 




854 


CCC 


ATG 


GCA 


AAT 


CTC 


CTA 


Pro 


Met 


Ala 


Asn 


Leu 


Leu 






899 






908 


CGC 


CTC 


TTC 


TAC 


TTC 


GGC 


Arg 


Leu 


Phe 


Tyr 


Phe 


Gly 






953 






962 


GCA 


GGC 


TCT 


CAG 


GTG 


ATG 


Ala 


Gly 


Ser 


Gin 


Val 


Met 




1007 




1016 


GTG 


ATG 


AGT 


TTC 


CTG 


ACA 


Val 


Met 


Ser 


Phe 


Leu 


Thr 




1061 




1070 


TGG 


CCC 


TTT 


GCC 


CCC 


TGG 


Trp 


Pro 


Phe 


Ala 


Pro 


Trp 




1115 




1124 


GGC 


CTG 


GTG 


CCT 


GCC 


TTG 


Gly 


Leu 


val 


Pro 


Ala 


Leu 
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215 






224 


AGT 


GAG 


GCA 


GCT 


GCT 


TCC 


Ser 


Glu 


Ala 


Ala 


Ala 


Ser 






269 






278 


CAC 


ATG 


CCA 


TCC 


GAG 


TCG 


His 


Met 


Pro 


Ser 


Glu 


Ser 






323 






332 


AAA 


CCT 


CCA 


GCA 


TCT 


GAC 


Lys 


Pro 


Pro 


Ala 


Ser 


Asp 






377 






386 


ACC 


TGG 


ACC 


GCA 


GTG 


TTT 


Thr 


Trp 

* 


Thr 


Ala 


Val 


Phe 






431 






440 


ATG 


GAC 


CAG 


CTT 


CAC 


TGG 


Met 


Asp 


Gin 


Leu 


His 


Trp 






485 






494 


GGA 


AGC 


AGC 


AGC 


CTA 


CTG 


Gly 


Ser 


Ser 


Ser 


Leu 


Leu 






539 






548 


TAC 


ACT 


GGT 


CTA 


TTC 


ATC 


Tyr 


Thr 


Gly 


Leu 


Phe 


He 






593 






602 


AGG 


CAC 


AGG 


CAG 


CTC 


AAT 


Arg 


His 


Arg Gin 


Leu 


Asn 






647 






656 


TGG 


TTT 


GAC 


TAC 


AGC 


ATG 


Trp 


Phe 


Asp 


Tyr 


Ser 


Met 






701 






710 


GGC 


GAA 


GTG 


GGG 


AAA 


GAC 


Gly 


Glu 


Val 


Gly Lys 


Asp 






755 






764 


TGG 


TTC 


GCC 


AGC 


TTC 


ATG 


Trp 


Phe 


Ala 


Ser 


Phe 


Met 






809 






818 


GCA 


TGG 


TGG 


GCA 


GTG 


GTG 


Ala 


Trp 


Tro 


Ala 


Val 


Val 






863 






872 


GTC 


TTC 


ATG 


GCT 


GCA 


GCC 


Val 


Phe 


Met 


Ala 


Ala 


Ala 






917 






926 


ACT 


TAC 


CTG 


CCA 


CAC 


AAG 


Thr 


Tyr 


Leu 


Pro 


His 


Lys 






971 






980 


GCC 


TGG 


TTC 


AGG 


GCC 


AAG 


Ala 


Trp 


Phe 


Arg Ala 


Lys 




1025 




1034 


TGC 


TAC 


CAC 


TTT 


GAC 


CTG 


Cys 


Tyr 


His 


Phe 


Asp 

] 


Leu 




1079 




.088 


TGG 


CAG 


CTG 


CCC 


CAC 


TGC 


Trp 


Gin 


Leu 


Pro 


His 


Cys 


GCA 


TGA 










Ala 
A 


» » m 










D 
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233 






242 


AGC 


CCA 


GAC 


GTC 


TTG 


AGA 


Ser 


Pro 


ASp 


Val 


Leu 


Arg 






287 






296 


TCA 


GAC 


GCA 


GCT 


CGT 


CCT 


Ser 


Asp Ala 


Ala 


Arg 


Pro 






341 






350 


GCC 


AAG 


GGC 


ATC 


ACG 


ATG 


Ala 


LVS 


Glv 


He 


Thr 


Met 






395 






404 


TTA 


CAC 


GCA 


ATA 


TTT 


CAA 


Leu 


His 


Ala 


He 


Phe 


Gin 






449 






458 


TTG 


CCT 


GTG 


TCC 


GAA 


GCC 


Leu 


Pro 


Val 


Ser 


Glu 


Ala 






503 






512 


CAC 


ATC 


GCT 


GCA 


GTC 


TTC 


His 


He 


Ala 


Ala 


Val 


Phe 






557 






566 


ACC 


ACA 


CAT 


GAC 


GCA 


ATG 


Thr 


Thr 


His 


Asp 


Ala 


Met 






611 




620 


GAT 


CTC 


CTT 


GGC 


AAC 


ATC 


ASD 

• 


Leu 


Leu 


Gly 


Asn 


He 




665 




67 4 


CTG 


CAT 


CGC 


AAG 


CAC 


TGG 


Leu 


His 


Arg 


Lys 


His 


Trp 






719 






728 


CCT 


GAC 


TTC 


CAC 


AAG 


GGA 


Pro 


Asp 


Phe 


His 


Lys 


Gly 






773 






782 


TCC 


AGC 


TAC 


ATG 


TCC 


CTG 


Ser 


Ser 


Tyr 


Met 


Ser 


Leu 






827 






836 


ATG 


CAA 


ATG 


CTG 


GGG 


GCG 


Met 


Gin 


Met 


Leu 


Gly Ala 






881 






890 


CCA 


ATC 


TTG 


TCA 


GCA 


TTC 


Pro 


He 


Leu 


Ser 


Ala 


Phe 
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944 


CCT 


GAG 


CCA 


GGC 


CCT 


GCA 


Pro 


Glu 


Pro 


Gly 


Pro 


Ala 






989 




998 


ACA 


AGT 


GAG 


GCA 


TCT 


GAT 


Thr 


Ser 


Glu 


Ala 


Ser 


Asp 




1043 




1052 


CAC 


TGG 


GAG 


CAC 


CAC 


AGG 


His 


Trp 

1 


Glu 


His 


His 


Arg 




.097 




1106 


CGC 


CGC 


CTG 


TCC 


GGG 


CGT 


Arg 


Arg 


Leu 


Ser 


Gly 


Arg 
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T 272 281 



290 299 308 317 



t T ? I CC ~ G I CG TCA GAC CCA GCT CGT CCT GCG CTA AAC CAC GCC TAC AAA 

Met Pro Ser Glu Ser Sec Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys 

326 335 344 353 362 371 

CCT CCA GCA TCT GAC GCC AAG CGC ATC ACG ATG GCG CTC ACC ATC ATT GGC ACC 

Pro Pro Ala Ser Asp Ala Lys Cly lie Thr Met Ala Leu Thr He He Gly Thr 

380 389 398 407 416 425 

TCG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG 

Trp Thr Ala Val Phe Leu Bis Ala He Phe Gin He Arg Leu Pro Thr Ser Met 

434 <<3 452 461 470 479 

GAC CAC CTT CAC TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA 

Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly 

488 4 97 506 515 524 533 

c~ cf^ c GC ? TG < ^ C ATC GCT GCA GTC TTC A " GTA CTT GAG TTC CTG TAC 

Ser Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

542 551 560 569 578 587 

r?3 f I A 11° tT° A 5 C ACA CAT GAC GCA ATG CAT GGC A CC ATA GCT TTG AGG 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg 
596 605 614 623 632 641 

£? G r TC ^ T GAT CTC CTT GGC ^ ATC TGC ATA TCA CTG TAC GCC TGG 
His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp 
650 659 668 677 686 695 

IT ? AC l kC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC 
Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly 

704 713 722 731 740 749 

GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG 
Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp 

758 7 * 7 776 785 794 803 

3£f >? G e GC 11° S TG I CC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA 
Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 

812 *21 830 839 848 857 

?™ S*? ,°, T ? ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val 
oob 875 884 893 902 911 

11* „T? 5? A GGC CCA ATC TTG TCA CCA TTC CGC CTC TTC TAC TTC GGC ACT 

Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly Thr 

920 929 938 947 956 965 

TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC 

Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala 

974 983 992 1001 1010 1019 

V? ll C » GG ACA AGT GAG GCA T CT GAT GTG ATG AGT TTC CTG ACA TGC 

Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys 

1028 1037 1046 1055 1064 1073 

Itl St C I? ? AC f TG CAC TGG GAG CAC « c AGG TGG CCC TTT GCC CCC TGG TGG 
Tyr His^Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Tr? 

1127 



1082 1091 HOO * 1109 1118 



rt« r T ° o CC I GC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Aid 

TGA A 

D 

• * # 
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30 60 
CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 
GCCCCGTTGA GTTCTTTAAG TTGTCGACGT TCGCGCGGGG TCGGAGTGTC GCGGTTCACT 

90 120 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 
CGATAGCTGC ACCAACACTC GCGAGCTGCA CCAGGTGACT GCCCGGACAC TCGGAGACGC 

150 T «o 

CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CACGTCGCAT 
GAGGCAGGAG ACGGTTTAGA GCGCAGCCCC GGACGGATTC AGCTTCTTAC GTGCAGCGTA 

T 210 240 

CGGCACTAAT GGTCGAGCAG AAAGGCAGTG AGGCAGCTGC TTCCAGCCCA GACGTCTTGA 
GCCGTGATTA CCAGCTCGTC TTTCCGTCAC TCCGTCGACG AAGGTCGGGT CTGCAGAACT 

9 270 30 2 
GAGCGTGGGC GACACAGTAT CACATGCCAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 
CTCGCACCCG CTGTGTCATA GTGTACGGTA GGCTCAGCAG TCTGCGTCGA GCAGGACGCG 

330 360 
TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACGATG GCGCTGACCA 
ATTTCGTGCG GATGTTTGGA GGTCGTAGAC TGCGGTTCCC GTAGTGCTAC CGCGACTGGT 

390 420 
TCATTGGCAC CTGGACCGCA GTGTTTTTAC ACGCAATATT TCAAATCAGG CTACCGACAT 
AGTAACCGTG GACCTGGCGT CACAAAAATG TGCGTTATAA AGTTTAGTCC GATGGCTGTA 

4 50 480 
CCATGGACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
GGTACCTGGT CGAAGTGACC AACGGACACA GGCTTCGGTG TCGGGTCGAA AACCCGCCTT 

510 540 
GCAGCAGCCT ACTGCACATC GCTGCAGTCT TCATTGTACT TGAGTTCCTG TACACTGGTC 
CGTCGTCGGA TGACGTGTAG CGACGTCAGA AGTAACATGA ACTCAAGGAC ATGTGACCAG 

570 600 
TATTCATCAC CACACATGAC GCAATGCATG GCACCATAGC TTTGAGGCAC AGGCAGCTCA 
ATAAGTAGTG GTGTGTACTG CGTTACGTAC CGTGGTATCG AAACTCCGTG TCCGTCGAGT 

630 660 
ATGATCTCCT TGGCAACATC TGCATATCAC TGTACGCCTG GT'TTGACTAC AGCATGCTGC 
TACTAGAGGA ACCGTTGTAG ACGTATAGTG ACATGCGGAC CAAACTGATG TCGTACGACG 

690 7 20 
ATCGCAAGCA CTGGGAGCAC CACAACCATA CTGGCGAAGT GGGGAAAGAC CCTGACTTCC 
TAGCGTTCGT GACCCTCGTG GTGTTGGTAT GACCGCTTCA CCCCTTTCTG GGACTGAAGG 

750 780 
ACAAGGGAAA TCCCGGCCTT GTCCCCTGGT TCGCCAGCTT CATGTCCAGC TACATGTCCC 
TGTTCCCTTT AGGGCCGGAA CAGGGGACCA AGCGGTCGAA GTACAGGTCG ATGTACAGGG 

810 840 
TGTGGCAGTT TGCCCGGCTG GCATGGTGGG CAGTGGTGAT CCAAATGCTG GGGGCGCCCA 
ACACCGTCAA ACGGGCCGAC CGTACCACCC GTCACCACTA CGTTTACGAC CCCCGCGGGT 
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870 900 



TGGCAAATCT CCTAGTCTTC ATGGCTGCAG CCCCAATCTT CTCAGCATTC CGCCTCTTCT 
ACCGTTTAGA GGATCAGAAG TACCGACGTC GGGGTTAGAA CAGTCGTAAG GCGGAGAAGA 



930 960 



ACTTCGGCAC TTACCTGCCA CACAAGCCTG AGCCAGGCCC TGCAGCAGGC TCTCAGGTGA 
TGAAGCCGTG AATGGACGGT GTGTTCGGAC TCGGTCCGGG ACGTCGTCCG AGAGTCCACT 



990 1020 



7 «r W 

TGGCCTGGTT CAGGGCCAAG ACAAGTGAGG CATCTGATGT GATGAGTTTC CTGACATGCT 
ACCGGACCAA GTCCCGGTTC TGTTCACTCC GTAGACTACA CTACTCAAAG GACTGTACGA 



1050 1080 



ACCACTTTGA CCTGCACTGG GAGCACCACA GGTGGCCCTT TGCCCCCTGG TGGCAGCTGC 
TGGTGAAACT GGACGTGACC CTCGTGGTGT CCACCGGGAA ACGGGGGACC ACCGTCGACG 



1110 1140 



CCCACTGCCG CCGCCTGTCC GGGCGTGGCC TGGTGCCTGC CTTGGCATGA CCTGGTCCCT 

ggSgaSggc ggcggacagg cccgcaccgg accacggacg gaaccgjact ggaccaggga 

1170 D 1200 

ccgctggtga cccagcgtct gcacaagagt gtcatgctac agggtgctgc ggccagtggc 
ggcgaccact gggtcgcaga cgtgttctca cagtacgatg tcccacgacg CCGGTCACCG 



1230 1260 



AGCGCAGTGC ACTCTCAGCC TGTATGGGGC TACCGCTGTG CCACTGAGCA CTGGGCATGC 
TCGCGTCACG TGAGAGTGGG ACATACCCCG ATGGCGACAC GGTGACTCGT GACCCGTACG 



1290 1320 



CACTGAGCAC TGGGCGTGCT ACTGAGCAAT GGGCGTGCTA CTGAGCAATG GGCGTGCTAC 
GTGACTCGTG ACCCGCACGA TGACTCGTTA CCCGCACGAT GACTCGTTAC CCGCACGATG 



1350 1380 



TGACAATGGG CGTGCTACTG GGGTCTGGCA GTGGCTAGGA TGGAGTTTGA TGCATTCAGT 
ACTGTTACCC GCACGATGAC CCCAGACCGT CACCGATCCT ACCTCAAACT ACGTAAGTCA 



1410 1440 



AGCGGTGGCC AACGTCATGT GGATGGTGGA AGTGCTGAGG GGTTTAGGCA GCCGGCATTT 
TCGCCACCGG TTGCAGTACA CCTACCACCT TCACGACTCC CCAAATCCGT CGGCCGTAAA 



1470 1500 



GAGAGGGCTA AGTTATAAAT CGCATGCTGC TCATGCGCAC *«JCTGCAC ACAGCCAGGG 
CTCTCCCGAT TCAATATTTA GCGTACGACG AGTACGCGTG TATAGACGTG TGTCGGTvaa. 



1530 1560 



AAATCCCTTC GAGAGTGATT ATGGGACACT TGTATTGGTT TCGTGCTATT GTTTTATTCA 
TTTAGGGAAG CTCTCACTAA TACCCTGTGA ACATAACCAA AGCACGATAA CAAAATAMj i 



1590 1620 



GCAGCAGTAC TTAGTGAGGG TGAGAGCAGG GTGGTGAGAG TGGAGTGAGT GAGTATGAAC 
CGTCGTCATG AATCACTCCC ACTCTCGTCC CACCACTCTC ACCTCACTCA CTCATACTTG 



1650 1677 



CTGGTCAGCG AGGTGAACAG CCTGTAATGA ATCACTCTGT "AAAAAAAA AAAAAAA 
GACCAGTCGC TCCACTTGTC GGACATTACT TACTGAGACA GATTTTTTTT TTTTTTT 
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10 20 30 40 50 *° 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CCCCAAGTGA 

70 80 90 100 HO 120 

GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCjTGTG AGCCTCTGCG 

130 140 ISO 160 T170 180 

CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGj&XU CACGTCGCAT 

27 1*90 200 210 220 230 240 

cggcactaIOjtcgagcag AAAGGCAGTG AGGCAGCTGC ttccagccca GACGTCTTGA 

250 260 T 270 280 31 290 300 

GAGCGTGGGC GACACAGTAT CACE3:CAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 

37 310 320 ^ 2 330 340 350 360 

GC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACG^l GCGCTGACCA 

10 L< 390 400 410 420 



X 



^-jq 380 

TCATTGGCAC CTGGACCGCA GTGTTTTIAC ACGCAATATT TCAAATCAGG CTACCGACAT 

430 440 450 460 470 480 

CCEI33ACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
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